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Experimental 

Crystal data 

[K(C 18 H 36 N 2 0 6 )] [Co(NCO) 2 

(C 4 4H 28 N 4 )]-0.5C f ,H 5 Cl 
M, = 1227.63 
Monoclinic, P2 l /n 
a = 14.7716 (5) A 
b = 23.7255 (9) A 
c = 18.0458 (7) A 



-[or cl 



P = 90.325 (3)° 
V = 6324.3 (4) A 3 
Z = 4 

Mo Ka radiation 
/x = 0.42 rnrrT 1 
T = 180 K 

0.45 x 0.37 x 0.36 mm 



Received 17 July 2012; accepted 6 September 2012 

Key indicators: single-crystal X-ray study; 7 = 180 K; mean a(C— C) = 0.004 A; some 
non-H atoms missing; R factor = 0.045; wR factor = 0.1 22; data-to-parameter ratio = 
14.9. 



Data collection 

Agilent Xcalibur Sapphire2 
diffractometer 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2010) 
T mi „ = 0.770, r m „ = 1.000 



32355 measured reflections 
11118 independent reflections 
8660 reflections with I > 2a(I) 
R in . = 0.041 



In the title compound, [K(C 18 H 36 N 2 0 6 )][Co(NCO) 2 (C 4 4H 28 - 
N 4 )]0.5C 6 H 5 C1 or [K(2,2,2-crypt) + ][Co m (NCO) 2 (TPP)"]- 
0.5C 6 H 5 C1, the Co 111 ion is octahedrally coordinated by two 
axial N-bonded NCO~ anions and four pyrrole N atoms of the 
porphyrin. There is a major ruffling distortion of the 
porphyrin: the dihedral angles between trans pyrrole rings 
are 34.32 (14) and 34.72 (14)°. The potassium ion is coordi- 
nated by the six O atoms and two N atoms of the cryptand-222 
molecule and a weak K— O [3.407 (3) A] bond to one of the 
cyanate O atoms also occurs. The packing also features weak 
C— H- ■ O and C— H- ■ -it interactions. The contribution to the 
scattering of the disordered chlorobenzene solvent molecules 
was removed with the SQUEEZE function in PLA TON [Spek 

(2009) . Acta Cryst. D65, 148-155]. 

Related literature 

For general background to cobalt and iron porphyrin species 
and their applications, see: Sanders et al. (2000); Dhifet et al. 

(2010) ; Mansour et al. (2010). For the synthesis of the 
[Co n (TPP)] complex, see: Madure & Scheidt (1976). For the 
synthesis of Co 11 tetraphenylporphyrins, see: Iimuna et al. 
(1988). For refinement details concerning the use of 
SQUEEZE, see: Spek (2009). For related structures, see: 
Englert et al. (2002); Bresciani-Pahor et al. (1990); Ali et al. 

(2011) ; Konarev et al. (2003). For a description of the 
Cambridge Structural Database, see: Allen (2002). For further 
details of geometric distortions in related compounds, see: 
Jentzen et al. (1997). 



Refinement 

R[F 2 > 2a(F 2 )] = 0.045 
wR(F 2 ) = 0.122 
S = 1.08 

11118 reflections 



Table 1 

Selected bond lengths (A). 



C0I-N6 
Col-N5 
Col-Nl 



1.905 (2) 
1.919 (2) 
1.9454 (19) 



744 parameters 

H-atom parameters constrained 
A/w = 0.48 e A~ 3 
Ap mi „ = -0.44 e A~ 3 



Col-N4 
Col-N2 
Col-N3 



1.947 (2) 
1.952 (2) 
1.9567 (19) 



Table 2 

Hydrogen-bond geometry (A, °). 

Cg2 and Cg4 are the centroids of the N2/C6-C9 and N4/C16-C19 rings, 
respectively. 



D-H-A 


D-H 


H-A 


D- ■ A 


D-H-A 


C50-H50A- ■ 02' 


0.97 


2.59 


3.555 (4) 


171 


C57-H57B- ■ Cg2 


0.97 


2.83 


3.783 (4) 


168 


C60-H60B- ■ Cg4 H 


0.97 


2.60 


3.437 (3) 


145 


Symmetry codes: (i) — x -1 


- 1, -y + 1, -z - 


H 1; (ii) * - 


- 1, -y -1 z - 1 





Data collection: CrysAlis PRO (Agilent, 2010); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SIR2004 (Burla et al., 2005); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEPIII (Burnett & Johnson, 1996) and ORTEP-3 (Farrugia, 
1997); software used to prepare material for publication: 
SHELXL97. 
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(2.2.2-Cryptand)potassium bis(cyanato-ftA/)(5,1 0,1 5,20-tetraphenyl- 
porphyrinato-«: 4 N)cobaltate(lll) chlorobenzene hemisolvate 

Bader Belhaj AM, Mohamed Salah Belkhiria, Jean-Claude Daran and Habib Nasri 

Comment 

Iron and cobalt porphyrin complexes have been used for many decades as biomimetic models for hemoproteines. These 
species are actually used in a variety of others domains (i.e.; catalysis, bio-sensors). Several iron and cobalt 
metalloporphyrins have been synthesized and characterized by our group (Dhifet et al, 2010; Mansour et al, 2010). 

We report herein on the molecular structure of the title compound for which the asymmetric unit contains one ion 
complex [Co nl (TPP)(NCO) 2 ]", the [K(2,2,2-crypt)] + counterion and one half chlorobenzene solvent. For (I), the cobalt is 
coordinated to the four N atoms of the porphyrin ring and the N atoms from the two NCO" trans axial ligands (Fig. 1). The 
two axial Co-N(NCO) bond lengths for (I) [1.905 (2) and 1.919 (2) A] are in the range [1.898 (6) - 1.936 (7) A] found for 
six-coordinated Co(III) complexes (CSD refcodes IFUVOU; Englert et al, 2002 and KEYMEC; Bresciani-Pahor et al, 
1990) (CSD, version 5.32; Allen, 2002). 

As seen in figure 1, the oxygen atom 02 of one cyanato-iV axial ligand is weakly bonded to the potassium of the 
counterion [K(2,2,2-crypt)] + with a distance of 3.407 (3) A. The average K-0(2,2,2-crypt) distance is 2.831 (2) A and the 
average K-N(2,2,2-crypt) bond length is 3.016 (2) A.The porphyrin core is far from being planar, with deviations of 
atoms from the least-squares plane of CoN 4 C 2 o, ranging from -0.586 (2) to 0.607 (2) A. It is noteworthy the relationship 
between the ruffling of the porphyrin core and the mean equatorial Co — N p distance; the C0N4C20 moiety is ruffled as the 
Co — N p distance decreases, (Iimuna et al, 1988). Thus, the practically planar porphyrin core of the ion complex 
[Co(OEP)(N0 2 ) 2 ]- (OEP is the octaethylporphyrin) (Ali et al, 2011) presents a Co— N p of 1.988 (2) A while for the very 
ruffled structure[Co n (TPP)] (Konarev et al, 2003) the Co— N p bond length value is 1.923 (4) A. Therefore, the Co— N p 
distance of (I) [1.950 (2) A] is normal for a cobalt ruffled TPP complex. On the other hand Normal Structural 
Decomposition (NSD) calculations (Jentzen, et al, 1997) confirm the unusually important deformation of the porphyrin 
core with a major ruffling distortions of 78%. 

The crystal packing features weak C — H n interactions (Table 1 and Fig. 2) 

Experimental 

The reaction of the [Co n (TPP)] complex (Madure & Scheidt, 1976) (15 mg, 0.022 mmol) with an excess of potasium 
cyanate KOCN (50 mg, 0.62 mmol) and cryptand-222 (50 mg, 0.13 mmol) in chlorobenzene (4 ml) under air overnight 
give a red-brown solution. Dark purple prisms of the title complex were obtained by diffusion of hexanes through the 
chlorobenzene solution. 

Refinement 

Hydrogen atoms were placed using assumed geometrically idealized positions (C — H aromatic = 0.95 A) and constrained 
to ride on their parent atoms, with U(H) =1.2 U tq {C). 
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There are four cavities of 224 A 3 each. PLATON estimated that each cavity contains 33 electrons which may correspond 
to a half solvent molecule of chlorobenzene by asymmetric unit as suggested by chemical analyses. These residual 
electron density was difficult to modelize and therefore, the SQUEEZE function of PLATON (Spek, 2009) was used to 
eliminate the contribution of the electron density in the solvent region from the intensity data, and the solvent-free model 
was employed for the final refinement. 

Computing details 

Data collection: CrysAlis PRO (Agilent, 2010); cell refinement: CrysAlis PRO (Agilent, 2010); data reduction: CiysAlis 
PRO (Agilent, 2010); program(s) used to solve structure: SIR2004 (Burla et at, 2005); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEPIII (Burnett & Johnson, 1996) and ORTEP-3 
(Farrugia, 1997); software used to prepare material for publication: SHELXL97 (Sheldrick, 2008). 



C'6-4 C6i 




Figure 1 

A view of the structure of (I). Displacement ellipsoids are drawn at 50% and H atoms have been omitted for clarity. 
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Figure 2 

A unit-cell packing of (I). The H atoms have been omitted for clarity. 

(Cryptand-222)potassium bis(cyanato-tfiV) (5,1 0,1 5,20-tetraphenylporphyrinato-ic 4 iV) cobaltate(l 1 1) 
chlorobenzene hemisolvate 



Crystal data 

[K(C 18 H36N 2 0 6 )] 

[Co(NCO) 2 (C44H 28 N4)]-0.5C6H 5 Cl 
M r = 1227.63 
Monoclinic, P2\ln 
Hall symbol: -P 2yn 
a = 14.7716(5) A 
b = 23.7255 (9) A 
c= 18.0458 (7) A 
p= 90.325 (3)° 
V= 6324.3 (4) A 3 

Data collection 

Agilent Xcalibur Sapphire2 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
Detector resolution: 8.2632 pixels mm 1 
co scans 

Absorption correction: multi-scan 
(CrysAHs PRO; Agilent, 2010) 



Z = 4 

7^(000) = 2572 

£> x = 1.289 MgnT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 15544 reflections 

6 = 2.9-28.5° 

fi = 0.42 mm" 1 

T= 180K 

Prism, dark purple 

0.45 x 0.37 x 0.36 mm 



32355 measured reflections 
11118 independent reflections 
8660 reflections with I > 2a(I) 

i? ht = 0.041 

$max 25.4 , 0 m [ n 2.9 



A = -17^17 
/c= -28^28 
/= -21->21 



0.770, r m 



1.000 



Acta Cryst. (2012). E68, m1262-m1263 



sup-3 



supplementary materials 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F > laiF 1 )] = 0.045 
wR(F 2 ) = 0.122 
S = 1.08 

11118 reflections 
744 parameters 
0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F a 2 ) + (0.059P) 2 + 2.0072P] 

where P = (F 2 + 2F 2 )/3 
(A/<7) max = 0.001 
Ap max = 0.48eA- 3 
Ap mm = -0.44 e A" 3 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F\ A 2\ A against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on 
_F\ A 2\ A , conventional i?-factors R are based on F, with F set to zero for negative F\ A 2\ A . The threshold expression of 
F\ A 2\ A > a(F A 2\ A ) is used only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for 
refinement. i?-factors based on F\ A 2\ A are statistically about twice as large as those based on F, and R- factors based on 
ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


77 */U 

wso ' ^eq 


Col 


0.41746 (2) 


0.303450 (12) 


0.765205 (17) 


0.01882 (9) 


CI 


0.47891 (17) 


0.39649 (9) 


0.86413 (13) 


0.0235 (5) 


C2 


0.44331 (18) 


0.43899 (10) 


0.91286(14) 


0.0276 (6) 


H2 


0.4767 


0.4632 


0.9429 


0.033* 


C3 


0.35298 (19) 


0.43709 (10) 


0.90664 (14) 


0.0294 (6) 


H3 


0.3121 


0.4605 


0.9306 


0.035* 


C4 


0.33076 (17) 


0.39238 (9) 


0.85634 (13) 


0.0230 (5) 


C5 


0.24276 (17) 


0.37482 (10) 


0.84014(13) 


0.0253 (5) 


C6 


0.22553 (17) 


0.32218 (10) 


0.80872 (13) 


0.0244 (5) 


C7 


0.13941 (18) 


0.29475 (11) 


0.80660(14) 


0.0299 (6) 


H7 


0.0839 


0.3110 


0.8179 


0.036* 


C8 


0.15321 (18) 


0.24125 (11) 


0.78530 (14) 


0.0293 (6) 


H8 


0.1098 


0.2129 


0.7820 


0.035* 


C9 


0.24770 (17) 


0.23612(10) 


0.76861 (13) 


0.0238 (5) 


C10 


0.28527 (17) 


0.19042(10) 


0.73197 (13) 


0.0241 (5) 


Cll 


0.36628 (17) 


0.19416(9) 


0.69492 (13) 


0.0224 (5) 


C12 


0.39758 (18) 


0.15473 (10) 


0.64005 (14) 


0.0278 (6) 


H12 


0.3709 


0.1204 


0.6282 


0.033* 


C13 


0.47214(18) 


0.17655 (10) 


0.60926 (14) 


0.0270 (6) 


H13 


0.5048 


0.1612 


0.5702 


0.032* 


C14 


0.49231 (17) 


0.22821 (9) 


0.64795 (13) 


0.0223 (5) 


C15 


0.57212 (17) 


0.25833 (10) 


0.64124(13) 


0.0235 (5) 


C16 


0.59676(17) 


0.29995 (9) 


0.69188 (13) 


0.0223 (5) 


C17 


0.68682 (17) 


0.32199 (10) 


0.69911 (14) 


0.0264 (5) 


H17 


0.7355 


0.3143 


0.6682 


0.032* 
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C18 


U.68 / /8 (1 /J 


0.35588 (10) 


A 7C077 /1 1\ 
0. / JO / / (13) 


A AO C A /C\ 

0.0264 (5) 


T T 1 O 

H18 


0.7376 


0.3752 


A 7777 

0.7777 


A AT7* 

0.032* 


ci9 


0.59 / lb (16) 


A c/r/T/r /A\ 
0.35666 (9) 


0. /5 /86 (13) 


0.0225 (5) 


C20 


A f /"AID /i n\ 

0.56930 (17) 


A "7 AAT/' /1A\ 

0.39076 (10) 


0.84542 (13) 


A Alt O /C\ 

0.0238 (5) 


PO i 

C21 


U. 16630 (1 /) 


A A 1 Tfl'} /1 A\ 

0.41205 (10) 


A O/TI 71 /I /1\ 

0.56122 (14) 


A AO O 1 

0.0251 (6) 


G22 


A 1 AAf /I / 1 a\ 

0.10054 (19) 


A '7A/"07 /l 1\ 

0.39637 (13) 


A A1 1 f7 / 1 

0.91 157 (16) 


A ATA7 /7\ 

0.0397 (7) 


TJO O 

H22 


U. 1U44 


U.361 / 


A AO 

U.9353 


A A/1 O* 

U.U48 


/"in 


0.0292 (2) 


0.43226 (16) 


A A1/ r C7 /1A\ 

0.92653 (19) 


A Af7 7 / r\ \ 

0.0533 (9) 


rizj 


A A 1 < A 

— U.U15U 


A /I O 1 /I 

U.4Z14 


A A/T A 1 

u.youi 


A A/T/1 * 


C24 


A AOOA /1\ 

0.0229 (2) 


A A O A AA /I f \ 

0.48400 (15) 


A OAH /7\ 

0.8922 (2) 


A AfTO /1 A \ 

0.0578 (10) 


H24 


a ao c c 
— 0.0255 


a cmo 

0.50/8 


A AA7 A 

0.9024 


0.069^ 


C25 


a aooc /o\ 
0.0885 (2) 


0.50028 (13) 


A Q/117C /1 OA 

0.542 fj (19) 


A A/1 O 1 /0\ 

0.0481 (8) 


T T1 C 

Hz 5 


A AO -1 A 

0.0849 


A C1C7 

0.5353 


A O 1 AO 

0.8198 


A AC O A 

0.058* 


Czo 


a 1 c ncc / 1 a\ 
0.15956 (19) 


A /i /;/i /i c / 1 1 \ 
U. 4644 5 (11) 


U.82 /4U (16) 


U.U346 (6) 


T 11 f 

H26 


A 1ATH 

0.2037 


0.4756 


A 7 AO A 

0.7939 


A A A 1 sfc 

0.042* 


POT 

C2 / 


A IT 1 K /1 T\ 
0.23 1 1 J (1 /) 


A 1 1 77 1 / 1 AA 
0. 13 /3 1 (10) 


A TOO O 1 / 1 A \ 
0. /255l (14) 


A AO A C\ { Z \ 

0.0249 (5) 


/~*o o 

C28 


A T11AC / 1 A\ 

0.22305 (19) 


A 1 ACA7 / 1 1 \ 

0.10503 (11) 


A 7A1 A O /1 

0.79248 (15) 


A AT 1 A { £\ 

0.0319 (6) 


t_to o 
H28 


a ocr/i 
U.2524 


U. 1 162 


0.8358 


A AlO* 

U.U38* 


C29 


A 1T1 1 A / 1 A\ 

0.17119 (19) 


A Af /'AA / 1 1 \ 

0.05600 (11) 


A 7A1 Ol /1 /"\ 

0.79182 (16) 


A AT /"A 

0.0360 (6) 


I I "1 A 

til 9 


a 1 /:cn 

0.1659 


A A1 /I 

0.0346 


0.5345 


A A/1 1 * 

0.043 * 


C30 


a inoc /1A\ 

0.12785 (19) 


A ATHAO /I 1 \ 

0.03908 (11) 


A 7101 A 

0.72810 (16) 


A AT TO /7\ 

0.0372 (7) 


Til A 

H3U 


a Arm 
0.0932 


A AA/T/1 

0.0064 


a Tm 
U. 11 1 1 


A A/1 C* 

0.045^ 


L31 


0.1362 (2) 


A A*7 1 1 A / 1 1\ 

0.07110 (12) 


0.66462 (17) 


A A A A7 /7\ 

0.0407 (7) 


t n 1 
H31 


A 1 A "7 /I 

0.1074 


A ACA7 

0.0597 


0.6212 


A A /I A A 

0.049^ 


C32 


U.1868 (2) 


All AQ/T 

U. 1 1S>86 (11) 


U. 66523 (15) 


A A7f7 ( r\ 

0.0533 (o) 


H32 


0.1911 


0.1413 


0.6223 


0.042* 


/""O O 


0.63888 (17) 


A 1^1A£ /I A\ 

0.24296 (10) 


A C07C/: 

0.58356 (13) 


A AO C yl /C\ 

0.0254 (5) 


C34 


A /"OOz") /1 A\ 

0.68263 (19) 


0.19139 (11) 


A c o A A /1 /1\ 

0.58344 (14) 


A AOOO //'A 

0.0332 (6) 


rU4 


U.66 / / 


A 1 £A r 

U. 1645 


A /T1 OQ 

O.oloo 


a A/ir\* 


C35 


A 7/1 O 1 /I \ 

0.7481 (2) 


A 1 7AT1 / 1 OA 

0.17922 (13) 


A f 1 1 /"A / 1 /'X 

0.53169 (16) 


A A A 1 /" /7\ 

0.0416 (7) 


in c 
H55 


0. / /69 


C\ \ A A A 

0.1444 


A C71/1 

0.5324 


A AC A* 

0.050^ 


C36 


0.7708 (2) 
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r'A "7 
C4 / 


A ACT. /"0\ 

0.053 (2) 


A Am /1 H\ 

0.03 / / (1 /) 


A AT2 /'O'l 
0.0/3 (2 




C48 


A AT AO / 1 0\ 

0.0392 (18) 


A AC £ /OA 

0.056 (2) 


A C\H A /OA 

0.074 (2, 




C49 


A AOOT /1 

0.0287 (17) 


A ATA /OA 

0.070 (2) 


A AOO /") A 

0.0»3 (3 






A A/1 1 /OA 

0.043 (2) 


A AjC/1 /OA 

0.064 (2) 


0.0/6 (3 




C51 


A ACO /OA 

0.052 (2) 


A A/IOC /1 TA 

0.0425 (1 /) 


A AC o 

0.035 (2 




co 

C52 


A AjCO /OA 

0.062 (2) 


A AT 1 f /I f \ 

0.0315 (15) 


A AZT 1 

0.061 (2 




C53 


0.061 (2) 


0.0330 (16) 


A A"7A /'JA 
0.0 /9 (3 




r^c/i 
C34 


0.039 (2) 


0.061 (2) 


A ACQ /OA 
0.038 (2 




/^cc 


A A^O 

0.062 (2) 


0.10/ (3) 


A Anc ^1 
0.0323 ( 


Q A 


C36 


A A/TA 
0.060 (2) 


A AAA 

o.oyy (3) 


A ACC /T\ 

0.033 (2 




CD / 


A AO /I /"5 ^ 

0.0s4 (3) 


A A/TC 

0.065 (2) 


A ACA /1\ 

0.039 (2 




C3s 


A AO" /I /"2\ 

0.0/4 (3) 


n A/1 m /1 "7A 

0.0403 (1 /) 


A az;i 
0.061 (2 




C39 


A AC O ZO\ 

0.038 (2) 


A AT7 1 / 1 A \ 
0.02/1 (14) 


A ATA /Ti 
0.0/9 (2 




C60 


A AC 1 

0.031 (2) 


A A "5 C A / 1 ZC\ 
0. 032)9 (16) 


A A/: 1 /OA 

0.061 (2 




Col 


A AOO /"3 \ 

0.0/ / (3) 


A AC 1 £ / 1 A\ 

0.0M6 (19) 


A A yITl / 1 

0.0422 ( 


A A 

9) 


C62 


A A^O /0\ 

0.06s (2) 


A A/1 £ 1 / 1 A\ 

0.0461 (19) 


a a"7c 
0.0/3 (2 




C63 


A AC/1 /'0\ 

0.034 yZ) 


A A/10 1 /1 

0.0421 (1 /) 


A A£Q 

0.06V (2 




C64 


A A/TO /T\ 

0.062 (2) 


0.0330 (16) 


a A^c /'^^ 
0.063 (2 




XT1 

JN1 


A rtOT7 / 1 A\ 

0.022 / (10) 


A A 1 AC /A\ 
0.0193 (9) 


A AO 1(1 /"I 

0.0219 (J 


AA 

0) 


XT A 

N4 


A AO O O /I 1 \ 

0.0232 (11) 


A A 1 AO /A\ 

0.0192 (9) 


A AO 1/1/1 

0.0214 ( 


AA 

0) 


N3 


0.0222(11) 


0.0189 (9) 


0.0218(1 


0) 


N2 


0.0239(11) 


0.0192 (9) 


0.0250 (1 


1) 


N5 


0.0302 (12) 


0.0249(11) 


0.0243 ( 


1) 


N6 


0.0302 (12) 


0.0243 (11) 


0.0275 (1 


1) 


N7 


0.0441 (15) 


0.0316(12) 


0.0532 ( 


6) 
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0.0108 (17) 


0.0154(15) 


-0.0185 (18) 


0.0253 (17) 


-0.0063 (18) 


-0.0314(19) 


0.0136(14) 


-0.0168(17) 


-0.0156(15) 


0.0025 (12) 


-0.0046(13) 


-0.0070(11) 


-0.0004 (10) 


0.0058 (11) 


-0.0010(10) 


-0.0059 (12) 


0.0037 (12) 


-0.0012(11) 


-0.0061 (12) 


0.0104(13) 


0.0043 (12) 


-0.0088 (12) 


0.0091 (14) 


-0.0043 (12) 


-0.0109 (14) 


-0.0078 (14) 


-0.0055 (13) 


-0.0066 (13) 


-0.0007 (13) 


0.0012(11) 


-0.0036 (11) 


0.0039 (11) 


-0.0048 (10) 


0.0027 (12) 


0.0092 (12) 


-0.0026(11) 


0.0013 (14) 


0.0121 (14) 


-0.0158(14) 


-0.0083 (15) 


0.0159(13) 


-0.0176(14) 


-0.0169(16) 


0.0079 (13) 


-0.0007 (13) 


-0.0076 (12) 


0.0027(11) 


-0.0005 (11) 


-0.0012(11) 


0.0026(11) 


-0.0106(11) 


0.0026 (15) 


-0.0126(15) 


-0.0097 (13) 


0.0054(19) 


-0.0209(17) 


-0.0286(18) 


-0.0231 (19) 


0.0139(17) 


-0.048 (2) 


-0.054 (2) 


0.007 (2) 


-0.011 (2) 


-0.0357 (19) 


-0.0145 (18) 


0.0040 (15) 


0.0164(15) 


0.0276 (16) 


0.0204 (16) 


-0.0012 (12) 


0.0089(13) 


0.0045 (12) 


0.0085 (16) 


-0.0169(18) 


-0.0033 (16) 


0.0100(16) 


-0.0148(17) 


0.0026 (17) 


-0.0081 (17) 


0.0014(17) 


0.002 (2) 


-0.0132(18) 


0.0169(19) 


0.0054 (19) 


-0.0203 (16) 


-0.0025 (17) 


0.0153 (15) 


-0.0159(16) 


-0.0053 (18) 


0.0033 (14) 


0.0044 (16) 


0.006 (2) 


-0.0078 (16) 


-0.0080(18) 


0.0128(18) 


-0.0287 (18) 


0.033 (2) 


0.0034 (17) 


0.0015 (19) 


0.017 (2) 


0.0177(19) 


0.043 (2) 


-0.013 (2) 


-0.002 (2) 


0.0353 (19) 


0.0016(18) 


-0.019 (2) 


0.0234(16) 


-0.0070(15) 


-0.0261 (19) 


0.0040 (15) 


0.0028 (15) 


-0.0174(16) 


-0.0191 (15) 


-0.0125 (18) 


-0.0268 (17) 


0.0014(15) 


-0.0117(18) 


-0.043 (2) 


0.0085 (17) 


0.0038 (16) 


-0.0225 (17) 


0.0076(16) 


-0.0026 (16) 


-0.0159(18) 


0.0132(15) 


0.0020 (8) 


0.0022 (8) 


-0.0003 (8) 


0.0016 (8) 


0.0026 (8) 


-0.0006 (8) 


0.0000 (8) 


0.0032 (9) 


0.0008 (8) 


-0.0001 (8) 


0.0031 (9) 


-0.0010(8) 


0.0026 (9) 


0.0048 (9) 


0.0009 (9) 


-0.0001 (9) 


-0.0003 (9) 


0.0002 (9) 


-0.0029(11) 


-0.0176(12) 


0.0067(11) 
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XTO A f\A1Q (\ CA 
JNo 0.0438 (1 5) 


0.0zo4 (11) 


A ACT7 /1 CA 

0.03Z / (15) 


A A A/1 C / 1 1 A 

— 0.0043 (11) 


A AA 1 O /I '~)\ 

— O.OOlz (1Z) 


0.0003 (10) 


s\ c aacio/io\ 
U5 U.UM3 (13) 


a ac /i o / 1 o \ 
0.0543 (13) 


A AO 0 O ( 1 1 \ 

0.033ft (11) 


A A A A A /I 1 \ 

0.0044 (11) 


A A A H /I A\ 

—0.001 / (10) 


— O.OOzo (9) 


Uo 0.0465 (13) 


A AC iC/C / 1 1 \ 

0.0566 (13) 


A A/1CO /10\ 

0.0453 (1Z) 


A AA/1 1 ( 1 1 A 

0.0041 (11) 


A AA/1 A /1 A\ 
0.0040 (10) 


A AO 1/1/1 A\ 

0.0zl4 (10) 


r\n n ac in (\ i\ 

u / 0.05 iy (13) 


0.0363 (11) 


0.05 /4 (13) 


A AAC/1 /I A\ 

—0.0054 (10) 


A AO 11 / 1 1 \ 

— O.OZlz (11) 


A AA'7'7 /1 A\ 

0.00 / / (10) 


\JO u.UJJJ 


(J.W JZ J ^lul 


U.UjJU I 1 1 1 




—0 01 74. (Q\ 


W.UWt-W 1 


03 0.0372 (12) 


0.0516(13) 


0.0571 (13) 


-0.0105 (10) 


0.0062 (10) 


0.0151 (10) 


04 0.0354 (12) 


0.0520(13) 


0.0649 (14) 


-0.0023 (10) 


-0.0073 (10) 


0.0074(11) 


01 0.115(3) 


0.0686 (19) 


0.158 (3) 


0.0402 (19) 


0.081 (2) 


0.078 (2) 


02 0.085 (2) 


0.0508 (14) 


0.095 (2) 


-0.0036 (14) 


0.0150 (16) 


0.0461 (14) 


Kl 0.0364 (3) 


0.0289 (3) 


0.0346 (3) 


-0.0047 (3) 


0.0003 (3) 


0.0018 (2) 


Geometric parameters 


(1°) 










r • _ i xtz: 

Col — N6 


1.905 [2 j 




/■'l l A 1 ") 

C41 — C4z 




1 O CA /C\ 

1.359 (5) 


Col — N5 


1 a 1 n /o\ 

1.919 (2, 




/" ' /l ! T T /I 1 

C41 — H41 




A AO AA 

0.9300 


Col — JN1 


1 A /I C /I /" 1 

1.9454 ( 


A\ 

9) 


C42 — C43 




1 O C /ZT\ 

1.356 (6) 


/~1 _ 1 XT/I 

Col — JN4 


1.947 (2^ 




C4z — H4z 




A AO AA 

0.9300 


Col — N2 


1.952 (2 y 




r • \ -> a A 

C43 — C44 




1.396 (5) 


• 1 XTO 

Col — N3 


1 ac / 1 

1.9567 ( 


A\ 

9) 


^ yl O TT /I O 

C43 — H43 




A AO AA 

0.9300 


< i XT 1 

CI — Nl 


1 O *7C /OA 

1.375 (3^ 




A A Jl A A 

C44 — H44 




A AO AA 

0.9300 


CI — C20 


1 1 O/' /O \ 

1.386 (3^ 




p<f XTC 

C45 — N5 




1 1 c c /o \ 

1.155 (3) 


CI — C2 


1.439 (3^ 




C45 — Ol 




1.193 (4) 


C2 — C3 


1.339 (4 / 




C46 — No 




1 1 C 1 /o \ 

1.151 (3) 


Cz — Hz 


A AO AA 

0.9300 




C46 — 02 




1 OAO ZO\ 

1.202 (3) 


C3 — C4 


1 /m /o \ 

1.433 (3) 




C47 — N7 




1 /I C A / A \ 

1.450 (4) 


C3 — H3 


A AO A A 

0.9300 




C47 — C48 




1.512 (5) 


C4 — JN 1 


1 O^O /OA 

1.3o3 (3, 




C4 / — H4 / A 




A ATAA 

0.9/00 


C4 — C5 


1 1 C\ A /OA 

1.394 (3, 




C47 — H47B 




A AT A A 

0.9700 


C5 — Co 


1 O A /I /O \ 

1.394 (3) 




C48 — 04 




1 A 1 'I / A\ 

1.417 (4) 


C5 — C2 1 


1.485 (3^ 




f~A AQ T T A O A 

C48 — H48A 




A ATAA 

0.9700 


C • r XTO 

Co — N2 


1 1 £ A /O A 

1.364 (3^ 




C48 — H48B 




A A7AA 

0.9700 


C6 — C7 


1.429 (4^ 




C49 — 04 




1.420 (4) 


C7 — C8 


1.342 (4' 




C49 — C50 




1 A O A /C\ 

1.484 (5) 


C7 — H7 


A AO AA 

0.9300 




AC\ TT/IAA 

C49 — H49A 




A H7AA 

0.9700 


Co — C9 


1.435 (4, 




c • i n i t 1 a r> 
C49 — H4VB 




A ATAA 

0.9/00 


/no T TO 

C8 — H8 


A AO A A 

0.9300 




C50 — 03 




1 A r\o / A\ 

1.408 (4) 


C9 — N2 


1 O "7 A /O \ 

1.370 (3^ 




/-irn TTCA A 

C50 — H50A 




A ATAA 

0.9700 


C9 — CIO 


1 O OT /O A 

1.387 (3^ 




C50 — H50B 




A A7AA 

0.9700 


C10 — Cll 


1.377 (4 / 




C51 — 03 




1.417 (4) 


CIO — C27 


1.493 (3) 




C51 — C52 




1 /I A O /C\ 

1.498 (5) 


Cll — N3 


1 O TO /O \ 

1.373 (3^ 




f ^ r i T TC 1 A 

C51 — H51A 




A ATAA 

0.9700 


Cll — Clz 


1 A Af\ /OA 

1.440 (3 




nri T TC 1 T> 

C51 — H51B 




A A7AA 

0.9700 


Clz — C13 


1.341 (4^ 




pr^ XTO 

C52 — N8 




1.463 (4) 


• 1 ^ TT1 r\ 

C12 — H12 


A AO A A 

0.9300 




PCO TTf 1 A 

C52 — H52A 




A ATAA 

0.9700 


C13 — C14 


1 A A 1 /*} 1 

1.441 (j ; 




pro OCTD 

C52 — H5zB 




0.9 /U0 


C13— H13 


0.9300 




C53— N8 




1.466 (4) 


C14— N3 


1.369 (3) 




C53— C54 




1.481 (5) 


C14— C15 


1.384 (3) 




C53— H53A 




0.9700 


C15— C16 


1.392 (3) 




C53— H53B 




0.9700 


CI 5— C33 


1.483 (3) 




C54— 05 




1.423 (4) 
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C16 — N4 


1.365 (3) 


C16 — C17 


1 /1TC /O \ 

1.435 (3) 


C 1 7 — C 1 8 


1 1 A A 

1.344 (3) 


1 t Tin 

C17 — H17 


n m aa 

0.9300 


C 1 8 — C 1 9 


1.432 (4) 


/"< 1 O T T 1 O 


A AO A A 

0.9300 


/-iifl XT/I 

C19 — N4 


1.366 (3) 


C19 — C20 


1 /O \ 

1.384 (3) 


CzU — C39 


1.498 (3) 


C21 — C22 


1.385 (4) 


C21 — C26 


1 O OA ( A\ 

1.389 (4) 


L22 — G23 


1 O O "O / /I \ 

1.382 (4) 


Czz — Hzz 


A AOAA 


C23 — C24 


1.378 (5) 


C23 — H23 


A AO A A 

0.9300 


L24 — Cz5 


1 OTzT /r\ 

1.376 (5) 


Cz4 — Hz 4 


A (11 AA 

0.9300 


C25 — C26 


1 'I Of\ / A \ 

1.380 (4) 


C25 — H25 


A AO A A 

0.9300 


C26 — Hz 6 


A AO AA 

0.9300 


L27 — C32 


1.382 (4) 


C27 — C28 


1.387 (4) 


C28 — C29 


1 O AO i A\ 

1.393 (4) 


C2o — Hzo 


A AO AA 

0.9300 


C29 — C30 


1 Til / y| \ 

1.373 (4) 


f ' ^\ (\ x y/-\ 

C29 — H29 


A AO A A 

0.9300 


C30 — C31 


1.381 (4) 


/~i -) pi T TO A 

C30 — H30 


A AO AA 

0.9300 


C31 — C32 


1.3 / / (4) 


C31 — H31 


A AO A A 

0.9300 


C32 — H32 


A AO AA 

0.9300 


C33 — C38 


1.384 (4) 


C33 — C34 


1.J84 (4) 


C34 — C35 


1 O "7 A / A \ 

1.379 (4) 


C34 — H34 


A AO AA 

0.9300 


C35 — C36 


1 1 "7 A / A \ 

1.374 (4) 


C35 — H35 


A AO AA 

0.9300 


C36 — C37 


1.369 (4) 


/~1 0 /_ TTO 

C36 — H36 


A AO AA 

0.9300 


C37 — C38 


1 1 A A //IN 

1.390 (4) 


C37 — H37 


0.9300 


C38— H38 


0.9300 


C39— C44 


1.365 (4) 


C39— C40 


1.377 (4) 


C40— C41 


1.389 (4) 


C40— H40 


0.9300 



N6— Col— N5 179.60(10) 
N6— Col— Nl 89.38 (8) 



S~ -< r a T T C A A 

C54 — H54A 


A AT A A 

0.9700 


/— < r A TTT /in 

C54 — H54B 


A AT A A 

0.9700 


C55 — 05 


1 A O O / /I \ 

1.423 (4) 


C55 — C56 


1.482 (6) 


/" t ^ ^ TTf f * 

C55 — H55A 


A AT A A 

0.9700 


C55 — H55B 


A AT A A 

0.9700 


C56 — 06 


1 A ~\ C\ / A \ 

1.419 (4) 


C56 — H56A 


A ATAA 

0.9700 


C56 — H56B 


A ATAA 

0.9700 


C57 — 06 


1 -1 /"\0 / /I \ 

1.402 (4) 


C57 — C58 


1.491 (5) 


C57 — H57A 


A ATAA 

0.9700 


C57 — H57B 


A ATAA 

0.9700 


C58 — N7 


1.460 (4) 


C58 — H58A 


0.9700 


C58 — H58B 


A ATAA 

0.9700 


C59 — N7 


1 /I /" /I / /I \ 

1.464 (4) 


C59 — C60 


1.487 (5) 


C59 — H59A 


0.9700 


/-irf\ TTf fin 

C59 — H59B 


A ATAA 

0.9700 


C60 — 08 


1.410 (3) 


C60 — H60A 


A ATAA 

0.9700 


C60 — H60B 


0.9700 


C61 — 08 


1 /I A A /O \ 

1.409 (3) 


(- ' /■ 1 /~1/"0 

C61 — C62 


1 /I /'O /f \ 

1.463 (5) 


C61 — H61A 


A ATAA 

0.9700 


/ 1 IT/1 r*k 

C61 — H61B 


0.9700 


C62 — 07 


1 /I 1 T / A \ 

1.417 (4) 


C62 — H62A 


A ATAA 

0.9700 


C62 — H62B 


0.9700 


C63 — 07 


1.415 (4) 


C63 — C64 


1.495 (5) 


/^jCO TT/^O a 

C63 — H63A 


A ATAA 

0.9700 


C63 — H63B 


0.9700 


C64 — N8 


1 A T A / /I \ 

1.470 (4) 


Z' A T T/" /I A 

C64 — H64A 


A ATAA 

0.9700 


r a tt/" /in 

C64 — H64B 


A ATAA 

0.9700 


N7 — Kl 


2.996 (2) 


N8 — Kl 


O AO /I /^l \ 

3.034 (2) 


05 — Kl 


2.874 (2) 


06— Kl 


2.715 (2) 


07— Kl 


2.964 (2) 


08 — Kl 


2.8161 (18) 


03— Kl 


2.786 (2) 


04— Kl 


2.827 (2) 


02— Kl 


3.407 (3) 


C49— C50— H50A 


109.9 


03— C50— H50B 


109.9 
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XTC P 1 \T 1 

JN5 — Col — JN 1 


AA C 1 ZO\ 

90.51 (o) 


XT/C! P „ 1 XT/I 

N6 — Col — N4 


OA n /A\ 

89.37 (9) 


\Tf f~~-> \ XT/I 

N5 — Col — N4 


AA O C SG\ 

90.25 (8) 


XT 1 P„1 XT/I 

Nl — Col — N4 


A A OO /0\ 

90.23 (8) 


XT/1 P 1 XTO 

No — Col — N2 


A A OO /A\ 

90.23 (9) 


\Tf p , | XTO 

N5 — Col — N2 


AA 1 C / A \ 

90.15 (9) 


XT 1 /"" 1 XTO 

Nl — Col — N2 


on a o /o\ 

89.48 (8) 


XT A P 1 XTO 

N4 — Col — Nz 


1 OA C 1 ZO\ 

179.51 (8) 


XT/1 P" _ 1 XT'? 

JN6 — Col — JN j 


AA /C>\ 

90.82 (8) 


\Tf p , | XT'? 

N5 — Col — N3 


OA OA ZO\ 

89.29 (8) 


XT 1 f ' 1 XT'? 

Nl — Col — N3 


1 Tn /i o /n\ 

179.48 (9) 


XT A P 1 XT'? 

N4 — Col — NJ 


AA 1 C /0\ 

90.25 (8) 


XTO /"< 1 XT'? 

N2 — Col — N3 


AA A/1 ZO\ 

90.04 (8) 


XT 1 f 1 P ~\ t\ 

Nl — CI — C20 


1 O C O /^?\ 

125.3 (2) 


XT 1 P 1 PO 

Nl — CI — C2 


1 AA 1 

109.2 (2) 


PI O l\ p 1 P" 

C20 — CI — C2 


125.0 (2) 


C3 — C2 — CI 


1 AT A /1\ 

107.0 (2) 


/~<o tti 

C3 — C2 — H2 


126.5 


/" • 1 P^ O T 

CI — C2 — H2 


126.5 


p PO /-i /i 

C2 — C3 — C4 


107.6 (2) 


Cz — C3 — Hi 


126.Z 


(~< a Tn 

C4 — C3 — H3 


126.2 


XT 1 A P C 

N 1 — C4 — C5 


126.0 (2) 


XT 1 P A P ~> 

N 1 — C4 — C3 


1 AA C /1\ 

109.5 (2) 


CD — C4 — C3 


1/4. J (z) 


pi /- *~\ r p a 

Co — C5 — C4 


121.4 (2) 


Co — C5 — C21 


1 OA A /T\ 

120.0 (2) 


C • A PC P O 1 

C4 — C5 — C2 1 


118.6 (2) 


N2 — Co — C5 


124.8 (2) 


\Ti pi / PT 

N2 — C6 — C7 


1 AA /I /""l \ 

109.4 (2) 


C5 — Co — C7 
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Symmetry codes: (i) -x+l, -y+l, -z+1; (ii) x-3/2, -y-l/2, z-3/2. 
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